Increased p21/WAF-1 and p53 protein levels following sequential three drug combination regimen of fludarabine, cytarabine and docetaxel induces apoptosis in human leukemia cells.
Combinations of nucleoside analog drugs, such as F-araA and ara-C, combined with Topoisomerase II inhibitors, such as anthracyclines, are synergistic against human leukemic T-cells and induce apoptotic cell death. Similarly, nucleoside analog drugs followed by mitotic inhibitors also have a synergistic effect. Sequence specific combinations of F-araA followed by ara-C and Taxotere (docetaxel) in CEM/0 cells showed a 2- to 3-fold synergism over the two drug (F-araA + ara-C) combinations and 2- to 4-fold synergism over Taxotere alone. This synergism was evident due to enhanced cellular apoptosis. In the CEM/ara-C/7A cell line, which is partially resistant to ara-C, the synergy observed with the triple drug combination was 9-fold greater than the F-araA plus araC combination, and 3-fold greater than Taxotere alone, making this three-drug regimen collaterally sensitive to ara-C. This study describes the mechanisms of the synergistic effect in regards to apoptosis achieved by three-drug regimens comprised of two nucleoside analog drugs and a mitotic inhibitor in comparison with the combination of two nucleotide analog drugs. The study also demonstrates that the possible biochemical mechanism of cellular toxicity and drug synergism is attributed to induction of apoptosis following drug treatment and the onset of the apoptotic cascade is primarily regulated by p21/WAF-I, which is transcriptionally activated by p53 following DNA damage. The anti-apoptotic protein, bcl-2, seemed to have no effect in inhibiting apoptosis following treatment with the two or three drug regimens in this in vitro leukemia model. The three-drug combination induced greater cellular apoptosis than the two-drug combination or Taxotere monotherapy. We conclude that the greater drug synergism observed in human leukemic cells, sensitive or resistant to ara-C, by Fludarabine + ara-C + Taxotere can be explained by the greater oligonucleosomal DNA fragmentation indicative of increased cellular apoptosis. The mechanism of this increased cytotoxic action is due to the upregulation of p53 and p21/WAF-1 with a down regulation of bcl-2. These studies are encouraging, and testing this three drug regimen in a clinical setting may result in improved antileukemic therapies.